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VIMS ANNUAL REPORT

VIRGINIA INSTITUTE OF MARINE SCIENCE
Gloucester Point, Virginia 23062

Honorable Linwood Holton, Jr.
Governor of Virginia
Richmond, Virginia
Dear Governor Holton:
The Thirtieth and Thirty-First Annual Reports of the Virginia Institute of Marine Science, covering the biennium ending 30 June 1972,
are respectfully submitted on the following pages.
I regret that Tropical Storm Agnes, which taxed us all, resulted in
a delay in the preparations and submission of this report.
With thanks for your continued interest and support of Virginia's
marine research, service and training program, I am
Respectfully yours,

WILLIAM J. HARGIS, JR.

Director
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The report periods were marked by the untimely deaths of three
dedicated servants of the Commonwealth and honored members of the
Board of Administration.
Honorable W. Marvin Minter of Mathews died on August 1, 1970.
He served two full terms on the Board from 1962 until 1970.
Honorable Charles R. Bagnell of Eclipse became a member of the
Board on July 1, 1968 and served until his death on September 6, 1971.
Honorable Lewis Jones, Jr. of Urbanna was appointed to the Board
on July 1, 1968 and was its Chairman from that date until his death
on June 14, 1972.
Each will be remembered for his life-long interest in Virginia's
valuable marine environment and for his special contributions toward
its wise use and management, as well as for his constructive and valued
efforts to assist this institution in its assigned duties.
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ADMINISTRATIVE ACTIVITIES AND PROGRAMS

Reorganization
A general review of the lnstitute's organizational structure occurred
during the report periods. The principal changes considered involved
rearrangement and renaming of divisions for purposes of enhancing
programmatic and functional aspects. (See pages xii and xiii).

Functions
In keeping with the provisions of Title 28.1, Chapter 9 of the Code
of Virginia, and with the instructions of the Governor, General Assembly and Board of Administration, the Institute continued to develop and
conduct research activities and investigations of the seafood and fishing
industries and other segments of the maritime economy; to conduct
hydrographic and biological studies of tidal waters; and to engage in
research in the marine sciences and provide education therein.
The role, position and contributions of the Institute were strengthened as professional advisor and consultant to the Governor and the
General Assembly, to other Commonwealth Agencies, and to various
other planning and decision-making groups and individuals having interests in the marine environment.
VIMS joined with two other state agencies, the Water Control
Board and the Division of Water Resources, to ask the General Assembly
to fund a proposed joint research project, which was approved and is
now entering its third year of activity (Page 30).

Chesapeake Research Consortium, Inc., Program
In spring and fall of 1970, the Office of lnterdiscip1inary Research
Relevant to Problems of Our Society (IRRPOS) of the National Science
Foundation (NSF) funded a joint research planning study by VIMS,
Johns Hopkins University (JHU), and the University of Maryland
(UM). The result of this study was a report entitled The Chesapeake
Bay which recommended, in addition to specific areas of needed research, the formation of a consortium to undertake problems of Baywide scope.
In 1971, the Research Applied to National Needs (RANN) Program (formerly IRRPOS) of NSF funded a joint study of Chesapeake
Bay-VIMS, JHU, and UM. The Smithsonian Institution (SI) later
joined with this group to form the Chesapeake Research Consortium,
Inc. ( CRC, Inc.). During the biennium, CRC, Inc. programs have
been initiated under RANN support and the U.S. Army Corps of Engineers support.
With RANN support, VIMS initiated research programs designed
to evaluate historic trends in shoreline configuration and provide advice

2

VIMS ANNUAL REPORT

related to shoreline protection and utilization, to develop criteria for
evaluation and ranking of Virginia's wetlands, to assess levels of heavy
metals in the sediments of Virginia's tributaries and the lower Bay, to
evaluate the effect of nutrients on the plankton of Virginia's waters, to
assess the quantities of material passing in and out of the mouth of
Chesapeake Bay, and to improve methods of communication with management agencies and users of the marine environment. Specific accomplishments have included the first volume of Chesapeake Bay Bibliography, a report on tidal boundaries relative to wetlands management, a
report on Virginia's offshore boundaries, a compendium of management
and research needs in the coastal zone, and a bibliography of coastal
zone management studies.
In addition, an initial assessment of high erosion areas was completed, and a report on shoreline utilization in Gloucester County was
completed.
With U.S. Army Corps of Engineers support, VIMS cooperated in
providing a report on the existing conditions of the Biota of Chesapeake
Bay to be used by the Corps in developing a Master Plan for Chesapeake Bay Management.
A major part of the RANN program, the Marine Environment and
Resources Research and Management System (MERRMS) was established at VIMS and is continuing development. This is an inventory and
access system which will allow better diagnosis of environmental problems, improvement in advisory and other services to state, local and
federal management agencies and to industry, and an improved method
for developing new research projects.
Dr. William J. Hargis, Jr., director of VIMS, was elected the initial
Chairman of the Board of CRC, Inc.

Sea Grant Program
The VIMS Sea Grant Program is now in its fourth year of progress.
It is devoted primarily to improvement of the fisheries and management
of exploitable resources. As part of the Institute's technical services activities, Sea Grant (P.L. 89-688) supports several research projects,
the extension services and regular marine resources advisory publications. In line with assistance to the industry the program attempts to
develop cooperation between VIMS and other institutions, such as
V.P.I. and S.U. in seafood technology and the National Marine Fisheries
Services in research to aid the seafood industry.

Interstate Advisory Activities
The Institute serves in an advisory capacity to the Potomac River
Fisheries Commission and to the Atlantic States Marine Fisheries Commission. Other interstate efforts include the Coastal States Organization,
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the Chesapeake Bay Cooling Water Steering Committee, the U.S. Army
Corps of Engineers Chesapeake Bay Study Group, and the Chesapeake
Bay Subcommittee of the Interagency Committee on Marine Science
and Engineering, a federal coordinating committee.

Technical Services: Extension, Advisory and Consultation
The Technical Services Program was established to coordinate
service activities already being conducted, and in order to do more.
Through it the Institute provided technical services to resource users
and managers. It contains three elements: extension, advisory and consulting services. The extension activity is similar to the well-known
agricultural extension program, and two agent positions were established
through Sea Grant support and a third was pending. The advisory
element draws from professionals throughout the Institute who are called
upon to advise individual resource users as well as federal, state and
local management agencies on solutions to problems. Finally, the consulting services element involves demonstration and consultation in the
field to assist resource users and managers.

Depuration and Bacteriology Programs
Due to problems involving the closing of certain shellfish areas and
others dealing with bacteria in crustaceans, VIMS inaugurated a study
of depuration methods and a general bacteriology research program
during the report period. In a broad feasibility study of alternative
methods of depuration, scientists considered the use of facilities where
shellfish taken from condemned areas are placed in holding tanks
through which water of suitable quality is circulated in order to remove
harmful bacteria that might have been picked up on polluted grounds.
Workshops to communicate ideas on depuration with members of the
industry were being conducted by VIMS staff members.

Wetlands
A wetlands study in the state was initiated under the authority of
House Joint Resolution No. 69, 1968. An interim report COASTAL
WETLANDS OF VIRGINIA was published in late 1969 containing
recommendations to the Commonwealth on needed legislation and
management. A second interim report was completed and was being
prepared for printing at the close of the biennium covered in this Annual Report.
A Wetlands Act was passed during the 1972 session of the General
Assembly, containing many elements of the original report recommendations. Continuation of the wetlands study received financial support
from the General Assembly as well as from RANN and the Office of
Water Resources Research.
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Pollution
Interest in enviro nmental quality and po llutio n control and abatement continued to be dra matically voiced throughout the Old D ominion.
V IMS was called upon regularly to issue environmental impact statements regarding proposed changes in the marine environment as part of
its advisory role . C lose association and cooperation continued to grow
between VIMS and its sister agencies concerned with po llution problems:
The Water Control Board, the Division of Water R esources, the Department of H ealth and with the appropriate F ederal agencies.

Academic Programs
Forty-eight students were accepted into the grad uate education program carried out by VJMS th rough affi liat ion with the College of William and Mary and the University of Virginia, bringing the total students
enrollment to seventy-six. Forty-six degrees were conferred d uring the
report periods, thirty-six M.A. and ten Ph .D.

NACOA Committee Appointment
The National Adv isory Committee on Oceans and Atmosphere
(NACOA) was for med during the biennium and Dr. Ha rgis, the VIMS
executive officer, was appoin ted its Vice-Chairman by President Nixon.
T he committee serves in an adviso ry capacity to the President and Congress and to the Secreta ry of Commerce. Its pri ncipal function is to
oversee all national programs involving the oceans and atmosphere, to
help develop goals and policy in the various segments involved, to evaluate national programs in light of those policies, and to examine established policies and make suggestions fo r revisions, realignments and
new programs as needed.
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Neptune Award
On May 21, 1971 VIMS received international recognition as its
executive officer was presented the American Oceanic Organization's
Neptune Award for 1971. The accompanying citation read as follows:
TO
WILLIAM J. HARGIS, JR.
THE NEPTUNE AWARD FOR 1971
-As one of the nation's leading experts in Coastal Zone Management and conservation;
-For demonstrating that Federal and State governments and industry can collaborate successfully with academic institutions in
environmental research;
-For his inspirational leadership and pioneering work as the
organizer and first Chairman of the Organization of Coastal
States;
-For his strong and successful efforts to communicate with and
inform the public on matters relating to the Coastal Zone;
-As a dedicated Public Servant and for his strenuous labors in
behalf of the nation's marine science program, in contributing his
time and talent to so many government review boards;
-And for his numerous contributions to aquatic science in all
ways, as an outstanding scientist, superb science manager, and
prolific writer.
THE AMERICAN OCEANIC ORGANIZATION
WASHINGTON, D. C.
May 21, 1971
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RESEARCH ACTIVITIES AND PROGRAMS
Ecology-Pollution Studies
The resea rch acti vities of this depa rtment during the report periods
were directed toward the followin g problem areas:
a. Wetlands
b. Thermal pollution
c. Existing conditio ns of C hesapeake Bay biota
d. H eavy metals
e. C hlorinated hydrocarbons
A summary of the accomplishments in each of these a reas is provided
below, along with a review of se rvice acti vities.
WETLANDS
Research on wetl ands was conducted with the combined support of
state and federal (Office o f Water Resources R esearch and National
Science Foundation) funds. T he objectives of the effort were to:
1. D escribe the d ynamics of nutrient flu x in marshes
2. D etermine the productivity of wetlands in va rio us salinity
regimes
3. D etermine the magnitude of detritus flux in marshes
4. D escribe the vegetation types and productivity of all wetlands in
Virginia
5. Assist in the development of guidelines fo r the protection of
Virginia's wetlands under the newly passed wetlands legislati on
Efforts to descri be the productivity nutrient and detritus flu x had
been underway since early spring of J97 1 and were expected to be completed by D ecember of J972. Results to date indicated that marshes
contribute phosphorus to the river while serving as sinks for inorganic
nitrogen compounds. Productivi ty of marsh grasses in va rious salinity
regimes was shown to range between 356-546 g/m 2 / year.
Efforts to map the coastal wetlands of Virginia and develop guidelines for wetlands evaluat io ns we re put underway with the first phase to
conti nue until June 30, 1974.

THERMAL POLLUTION
Laboratory and field resea rch related to the gene ration of electricity
by steam electric generating plans was directed toward two plant sites:
the Virginia E lectric and Power Compan y's Surry plant, slated for operation d uring the summer of l 972, and the expansion of the company's
Yorktown generating facility, which is to increase capacity in the spring
of 1974.
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Laboratory investigations dealt with a determination of the thermal
tolerance of oyster and clam larvae to thermal shocks and to the effects
of combined thermal and chlorine shocks on a zooplankter.
The field studies were concerned with establishing the existing condition of the biota ih the vicinity of each plant site. The preoperation
study on the Surry plant was completed in May of 1972, and a postoperational study was to be initiated sometime during the summer of
1972. The Yorktown baseline study was initiated in March of 1972
and was to continue for four years.
EXISTING CONDITIONS OF BAY BIOTA
Efforts in this area were varied and much of the information developed under thermal research and other categories could be included
under this heading. However, many of the thesis projects of graduate
students were by intent directed toward the development of this type of
baseline information as were certain staff projects.
In addition to five thesis projects describing various communities of
the Bay region, two extensive efforts were undertaken during the two
report periods. The first is the development of an annotated checklist
of all of the known animals and plants in the Bay by Dr. M. L. Wass
and collaborators. This comprehensive listing of the biota of the Bay
will be an invaluable aid to investigators in the Bay region and to baseline and port operational studies. Completion of this project was expected during mid-summer 1972. Secondly, the Institute participated in
the preparation of a report for the Corps of Engineers concerned with
the status of the biota in the Bay. The report reviewed the literature on
various aspects of the Bay's biota and suggested techniques to be used
in future investigations.
HEAVY METALS
Several studies designed to determine the heavy metal distribution
and dynamics in estuarine systems were completed. One, the distribution of heavy metals in oysters from various salinity regimes, led to the
discovery of a natural metal distribution which can be predicted· by
knowing the salinity of the oysters' habitat. By knowing the natural
or background levels, one can determine if the oysters have unnatural
levels or are polluted by heavy metals. This ability also allows managment agencies to make more meaningful decisions concerning placements of industrial outfalls.
A study to determine the role of sediments in the transport and
storage of heavy metals was also completed. Rappafflinnock River
sediments were extensively sampled and analyzed. It was found that
salinity controls the adsorption reactions for copper while pH is the
major variable for zinc.
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A survey of the mercury concentrations in bottom sediments was
undertaken and completed and published. The results showed no areas
in the James, York or Rappahannock rivers which has non-natural
levels. The concentrations correspond well to published data for Atlantic
Ocean sediments.
The problem of how to dispose of dredge spoil as determined by its
pollution potential was researched by this department under contract
to the Army Corps of Engineers. Analysis of sediments from the Elizabeth and James rivers showed that overboard disposal of spoil from
these areas would not be feasible under standards set by the Environmental Protection Agency.
These studies initiated other projects to determine the metal distributions in hard clams (Venus mercenaria) and the brackish water
clam (Rangia cuneata) as well as the metal-sediment relationships for
the James and York rivers.

CHLORINATED HYDROCARBONS
This department has been engaged in a pesticide monitoring program funded under the Bureau of Commercial Fisheries (now the National Marine Fisheries Service) since 1965. This program allowed us to
investigate pollution to Virginia's estuarine ecosystems due to pesticides
and polychlorinated biphenyls (PCB's). With the exception of the
western side of the Eastern Shore, the pesticide levels in oysters had
been quite low-never more than 20% of the tolerance level as set by
the Food and Drug Administration.
This was not the case for polychlorinated biphenyls. The southern
most part of the Chesapeake Bay system appeared to have a major
source of PCB's which sometimes reach 3 ppm in oysters from the
Elizabeth River.
At the close of the report periods a study was underway to determine the source or sources of the PCB's in the lower Bay.
A study of the transport of DDT compounds by migrating anadromous fishes was completed which showed the compounds to be
transported to the spawning grounds by anadromous fish as well as a net
transport out of the Bay to the Ocean when the young go out to sea.
The chronic toxicity of methoxychlor to Fundulus, commonly
known as the bullminnow, was underway. Since this compound promised to be a good substitute for the persistent DDT family, its effects
on the marine ecosystem must be determined.

SERVICES

Analytical Services-This department has developed capabilities
for routine analysis of many of the chemical parameters important to
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other departments within the Institute. Therefore, we provided these
analytical services to the Institute as a whole.
Among these analyses were salinity, dissolved oxygen, nutrients,
(such as nitrate, nitrite, ammonia, ortho phosphates, total phosphates
and Kjeldahl nitrogen), and heavy metals.
Also undertaken were "salinity runs" on the James, York and
Rappahannock rivers to determine the effects of rainfall or drought
on water quality. This was a cooperative program with the Department of Physical Oceanography and Hydraulics.
Preparation of Environmental Impact Statements-One of the
major activities of the Department and Division was the preparation
of statements regarding the environmental impact of proposed projects
in tidewater. Statements were prepared by or coordinated through the
Assistant Director's Office and sent to the Marine Resources Commission, State Planning Office, Governor's Council on the Environment
and the Army Corps of Engineers. During the report periods a huge
increase in the number of projects requiring comment occurred. Projects
reviewed include: all dredge and fill projects submitted to the Marine
Resources Commission, all Corps of Engineers requests for permits
and special studies, e.g. replacement for Craney Island disposal area.
The new wetlands bill which became effective July 1, 1972 requires
additional work in this area.

Other-Special assistance to the legislature was provided during
the 1972 session in the development of a wetlands definition for inclusion in the law.

Environmental Physiology Research
JELLYFISH STUDIES
The Virginia waters of the lower Chesapeake Bay are a particularly
suitable habitat for supporting extensive populations of jellyfishes. During summer months the "sea nettle", Chysaora quinquecirrha, predominates while the "moon jelly", Aurelia aurita, occurs to a lesser
extent. During the spring the "lion's mane", Cyanea capillata, is particularly abundant.
Biochemical, ecological, and developmental studies on these three
jellyfishes were continued. Of the many classes of biochemical compounds studied, emphasis was placed on describing the lipid constituents
using thin-layer and gas-liquid chromatographic techniques. The types
and distributions of fatty acids were found markedly different between
polymorphs (i.e., polyp and medusa) of the same species and from
one species to another. These observations aided in the development
and testing of specific hypotheses relative to reproduction, development,
and growth of these organisms.
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Studies of life histories of these three species, and the rare jellyfish,
Rhopilema verilli, which is also found in the lower Bay, were com-

pleted. It became possible to unequivocally identify the species from
any of its many polymorphic forms.
These basic studies provided the necessary information for formulating a control program for these pests which will not inflict unacceptable ecological damage or interfere with other commercially valuable
organisms.
METABOLISM OF FREE AMINO ACIDS IN MARINE
BIVALVE MOLLUSKS
It has been generally concluded that marine bivalve mollusks
( clams, oysters, etc.) can regulate intracellular concentrations of free
amino acids, thus maintaining the ionic environment of the cell. Generally, higher concentrations of cellular free amino acids are found in
animals living at higher salinities and the end result is that the cell is
isosmotic to the environment. The ability to regulate the ionic content
of the cell is of importance to the survival of mollusks found in estuarine
water and subjected to varying salinity conditions. These animals are
continually losing free amino acids to the environment along with their
waste products and consequently must continually acquire replacement
molecules. Possible source of supply are direct uptake from the environment, from hydrolysis of food proteins or manufacture from nonprotein raw materials. Our work, principally utilizing radioactive carbon
compounds in the laboratory, indicated that the major free amino acids
used in osmoregulation in moIIusks are manufactured from carbohydrate
precursors.
SERUM CHEMISTRY OF THE COMMERCIALLY
IMPORTANT MARINE ORGANISMS

A program was instituted to explore the use of clinical chemistry
on serum of commercially important marine species in Virginia to see
if these techniques can be used effectively in resource management.
Major emphasis starting in May of 1969 was directed toward establishing "baseline" levels of constituents in blue crab serum and determining
how the parameters varied with season, salinity, sex and year class of
crabs. Constitutents measured included serum chloride, glucose, total
protein, total ninhydrin positive substances and osmotic concentration.
Preserved samples were being processed during 1972 for the additional
constituents of total lipid, sodium, potassium, magnesium, calcium,
copper, zinc, mercury and cadmium. Serum from crabs subjected to
stress, such as elevated temperatures, low oxygen levels, "red tide"
organisms, and DDT contamination, were analyzed when these conditions existed. Results indicated that when compared to 'baseline"
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values, all stressed crabs appeared to have elevated glucose levels.
Other serum constituents did not respond in the same manner to different stresses. The possibility of associating specific stress conditions,
including disease and parasitism, with specific changes in serum contituents, consequently, appeared promising.
Screening of serum constituents of other marine invertebrates ( the
rock crab and the oyster) proceeded on an irregular basis. Results
showed a reduced level of serum free amino acids in oysters infected
with Minchinia nelsoni (MSX).
DISSOLVED ORGANIC COMPOUND UTILIZATION BY
MARINE ORGANISMS

Current evidence indicates that up to 50% of the organic primary
productivity may be channeled through the dissolved state in the aquatic
environment at one or another stages of the food chain. Consequently,
a clearer understanding of this phenomenon and its pathways is necessary to an understanding of the operation of the food chain in Virginia
estuaries. Previous work in this department enumerated some of the
amino acids ( constituents of protein) released by zooplankton, and their
rates of release by zooplankton as well as their rates of uptake by
estuarine bacteria. We estimated both of these processes to be about
10% of primary productivity. Work from other laboratories indicated
that the phytoplankton ( the primary producer) itself releases directly
into the water in the dissolved form a significant amount of the carbon
it fixes.
Our recent efforts were concentrated toward measuring the uptake
(heterotrophy) of amino acids and carbonhydrates both seasonally and
spacially in the York River estuary and toward elucidating the relationship between microflagellates and dissolved organic materials.
Microflagellates approach the size of the larger bacteria and consequently have similar surface to volume ratios. Thus, it could be predicted that they might effectively compete with the bacteria in the uptake
of dissolved organics while larger organisms could not. The evidence
we have accumulated so far utilizing cultured non-pigmented estuarine
microftagellates indicated that they ingest bacteria rather than dissolved
material directly. This is in direct contrast with recent observations by
others that freshwater flagellates can in fact remove dissolved organics
directly from the water, rather than through the agent of the bacteria.
The results of a synoptic study of heterotrophic potential for dissolved amino acids and carbohydrates indicated that a larger population of bacteria exists in a well-mixed estuarine water column than in a
stratified water column. Despite reports of large numbers of bacteria
in the surface film, samples of this water consistently showed low
heterotrophic potential for the substrates we used. This suggested either
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the presence of chemical inhibitors or the action of other bacteriostatic
agents in the surface film such as high levels of ultraviolet light.
As part of the jellyfish studies, the ability of small forms of jellyfish ( ephyrae and polyps) were tested for the ability to remove dissolved
amino acids from the environment. At environmental concentrations of
substrate it was determined that it would take several weeks for the
organism to remove as much amino acid from the environment as it
already contained and, thus, this process is unlikely to be effective in
supplying its energy needs.

Research on Finfish
ALOSA AND STRIPED BASS PROJECTS
The continuing financial support under the Anadromous Fish Act
administered by the National Marine Fisheries Service and the Bureau
of Sport Fisheries and Wildlife allowed another two years of research
by VIMS Ichthyology Department personnel on the herrings, shad and
striped bass of Virginia tidal waters. All major nurseries of herring
and shad were censused in September and October to determine the
reproductive success of the 1970 and 1971 run. The juveniles of all
species in addition to the herring group were also surveyed. Relative
abundance estimates were made and compared to former years. This
part of the program now represents four continuous years on the James
River and two years for all other rivers.
Total catch and effort statistics of the spring runs were gathered
by VIMS personnel and samples of the catch processed for particular
parameters of each species and river. Tabulation of fishing gear in
operation in Chesapeake Bay and the major rivers was continued in
1970 and 1971. The foreign fleet operations were monitored by aerial
reconnaisance of ocean waters in cooperation with the Coast Guard and
the National Marine Fisheries Service.
Physico-chemical analysis of five fish nurseries were conducted
monthly between April and October 1971. Parameters measured were
primary productivity, nutrient and chlorophyll concentrations. By correlating these data with type and quantity of plankton and with the
growth rate and stomach contents of the juvenile fish we hope to describe the trophic dynamics of the alosid nurseries.
During the months of January and February 1972 a complete
survey of the bottom fishes was made in every Virginia river (including
Potomac). This winter survey provided new information on the distribution and relative abundance of the fish fauna and was designed to be
annually repetitive. Concurrent to the winter survey, a second vessel
sampled the same areas with gear and procedures used in former years
to provide data for comparison and factors of conversion.
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Research on striped bass stocks in Chesapeake Bay has included
monitoring year class strength and age composition of the population,
evaluation of methods of rearing young and study of the tolerance of
young striped bass to a range of temperature and salinity.
Indices of juvenile abundance have shown a strong 1970 year
class of striped bass in the lower Chesapeake Bay. The York and
Rappahannock rivers striped bass populations are apparently thriving
while the abundance of striped bass in the James River has been depressed. Young striped bass were tagged prior to the fishing season
in 1970, 71 and 72 to determine dispersal, migration, and mortality
within the major rivers. Returns have been high in all years indicating
high mortality and excellent cooperation on the part of sport and commercial fishermen.
Surveys of Mobjack Bay and the Piankatank River have shown
that these small drainage basins do not serve appreciably as prime
spawning areas for striped bass but most likely receive recruitment
from nearby major rivers in years of high reproductive success. The
feasibility of stocking such latent nursery areas with striped bass is being
assessed and estimates of benefits accrued by stocking are being made.
The initial stocking was made in the Ware River on June 4, 1971.
Laboratory studies of temperature, salinity and fish size are underway to determine the combination(s) most suitable for stocking estuarine
waters.
SYSTEMATICS AND ECOLOGY OF FISHES
Research was continued on the codfishes of the genus Urophycis
and on the community ecology of marine ground fishes. In addition,
Dr. Musick was named Scientific Research Collaborator with the National Park Service at Cape Hatteras National Seashore which enabled
him to study the biogeography of plants and animals from the barrier
beaches of Virginia at Sandbridge to the Outer Banks of North Carolina. He recently completed an annotated checklist of the fishes of
Chesapeake Bay which included ecological information for 286 species.
Graduate research has been conducted on the effects of chemical
stimuli on breeding behavior in fishes; studies of systematics, behavior,
and ecology of the American ell; skates of the genus Raja; and the
snail fishes of the genus Liparis, and studies of the community ecology
of demersal fishes from the continental slope and shallow water estuarine
environments.
SPORT FISHING RESEARCH

Research activities on game fishes during the 1970-72 biennium
include completion of a report on black drum with analysis at age,
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growth, and distribution of the species in Virginia. A new electronic
stimulation technique was utilized to develop growth equations.
Age, growth, and distribution studies of red drum ( channel bass)
were continued through the period. Selective sampling for fish between
one and nine pounds will enable confirmation of age group I and II
growth and completion of the study. Age and growth studies were also
conducted on croaker, gray seat trout and silver mullet.
Striped bass (rockfish) sampling with study of sex ratio and gonad
condition changes was continued through the biennium. Most of these
sport samples are from the York River and the Cheatham Annex, U.S.
Naval facility, pier.
In June of 1971 a program of tagging red drum was initiated as
a cooperative effort of VIMS, the Virginia Saltwater Sportfishing Association and the Virginia Saltwater Fishing Tournament. Twenty fish
weighing between 28 and 59 pounds were tagged, although no recaptures were reported at the close of June 1972.
Efforts to tag cobia were not successful during the biennium and
no new releases were made. Recapture of fish tagged during 1967,
1968 and 1969 were continued and five recaptures have been reported.
Recaptures were made 24, 40, 71, 370 and 1121 days after release. All
recaptures were within Chesapeake Bay.
Other research activities were related to fish population modeling,
utilizing the analog computer, annual forecasting of fish availability, and
a report on the recreational fishing resource of Virginia's Eastern Shore.
The report "Marine Fishes of Virginia's Eastern Shore (inlet and marsh,
seaside water)" by C. E. Richards and M. Castagna was published
during the biennium.

FISHERY ADVISORY ACTIVITY

•

Drs. Hargis and Davis served as advisors to the U.S. State Department in negotiations with Poland and Soviet Union concerning fishing
off the Middle Atlantic Coast. Information developed through research
at VIMS proved useful in persuading both countries to restrict their
catches of river herring. Unfortunately, East Germany continues to
exploit river herring at sea. Therefore the fishery of Chesapeake Bay
is not fully protected against foreign encroachment upon its traditional
resources.

Investigations of Crustacea
Research on crustaceans was undertaken in consideration of several problems, three of which have significant economic potential, not
only in Chesapeake Bay but all along the North Atlantic and Gulf
coasts.
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RECIRCULATED SEAWATER SYSTEM
Primary effort was to develop a recirculated seawater system for
holding and shedding blue crabs, Callinectes sapidus. Fiberglas tanks,
in combination with reservoirs which provide filtration and water treatment, were specially designed as shedding tanks. In 1970, crabs were
shed at a rate equal to or better than that achieved by industry but at a
far greater cost. In 1971, attempts to standardized ratios of water
volume to filter capacity and biomass load were largely unsuccessful.
Peeler crabs were obtained from widely separated sources: seaside of
the Eastern Shore (near Quinby, salinity 26° /oo), the Rappahannock
River (near Morattico, salinity 10° /oo) and the York River (near
VIMS, salinity 18 °/ oo). Yields of soft crabs were very low, ranging
from 7 to 53° /oo. Success of operating studies show that commercial
shedding in the three source areas was similarly low.
Examination of crabs was made for evidence of "gray crab" disease, or Nosema infections, was negative. Bacterial cultures isolated
from moribund peeler crabs were used to infect healthy crabs which
subsequently succumbed. The bacterium was identified as Vibrio parahaemolyticus, K32 serotype, by Dr. Rita Colwell, Georgetown University. This bacterium had been shown by Colwell to be endemic in
Chesapeake Bay. Healthy crabs as well as oysters harbor the organism
in very low, but detectable numbers. Weakening of the animals, by
other diseases, inquiry, or through environmental changes, allows this
bacterium to multiply rapidly and cause death.
ROCK CRAB

The second major research effort of the department concerns the
rock crab, Cancer irroratus. Soft rock crabs were produced in the
laboratory in December and January, 1970-71 and 1971-72. No commercial soft rock crab industry had ever existed anywhere. Following
our recommendations, a commercial blue crab shedding house normally
closed in winter, produced a small volume of soft rock crabs both
winters. Production was limited by the number of rock crabs obtained
for shedding.
An unsuccessful attempt was made to determine visible external
signs on rock crabs that indicate the onset of the molting cycle. It
was established, however, that rock crabs less than 90 mm (3.5 inches)
carapace width caught in late December and January would provide a
better soft crab yield than larger crabs and those caught at other times.
Studies of the distribution, abundance and general biology of the
rock crab in Chesapeake Bay and adjacent coastal waters are being
made by two graduate students. The aim of the studies is to determine
whether a potential fishery for hard rock crabs exists and to develop
some basis for recommending regulations for its control should that
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prove necessary. A seasonal inshore to offshore migration probably
occurs. Rock crabs within the Bay and along the coast out to 12 miles
are more abundant in winter than in other seasons. Farther offshore,
18 to 20 miles, crabs are more abundant from May through August.
Crabs were taken by dredge and trawl in the Bay and nearshore, and
farther offshore by unbaited pots, set to catch seabass.
Soft and papershell crabs were caught after mid-December and
papershells were common through May. This latter observation suggests that the rock crab shell hardens at a slower rate after shedding
than blue crab shells.
Spawning of rock crabs occurs from late winter through spring.
Small rock crabs, 5 to 15 mm ( ~ to 1h inches) first appeared offshore
in September.
BLUE CRAB STOCKS
Another major research project of the Crustaceology Department
was to improve our knowledge of stocks of blue crabs. Although this
program specifically applied to Chesapeake Bay, which provided 50%
of the national catch of blue crabs, it had broad application to other
areas. A survey of the winter dredge fishery was begun in December,
1970, to determine the effects of fishing on the stocks and as a pilot
project which might provide a model and experience for determining
the effects of other seasonal fisheries on crab stocks. Data on catch,
effort, catch-per-unit-of-effort, proposition of vessels fishing and areas
fished were obtained by stratified random sampling. Analysis of these
data was underway at the close of the report periods.
Many years of trawl survey data from the York, James and Rappahannock rivers were being analyzed to describe these estuarine conditions crucial to the completion of blue crab life cycle, as the first step
in building mathematical models of parent-progeny and environmental
relationships.
Predictions of the commercial crab catch a year in advance were
made to assist industry in planning its operations more efficiently. The
combined Virginia-Maryland blue crab catch for September 1970
through August 1971 was underestimated by 30 percent, largely as a
result of inadequate sampling ·techniques: large and unexplained variations in the numbers of juvenile crabs were caught by experimental
trawl nets. Modification of sampling gear and an improved design of
operation somewhat improved data collection.

A major research e[/ort involves improved knowledge of stocks of
blue crabs, a most important sea/ood item harvested in Chesapeake Bay.
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The potential catch for the year beginning September 1971 was
estimated as well above average. Contrarily, landings since early May
1972 have been lower than expected; crabs have virtually disappeared
from many of the smaller tributaries of the Bay. The widespread bacterial infection in crabs in 1971 causing a weakening of the crabs, low
temperatures over the Bay during the winter of 1971-72 and the aboveaverage rainfall since October 1971 are factors that must be considered
as likely to have caused increased mortality among the present stocks
of crabs.

SERVICES
Staff and students in the Department completed sections for a new
Check List of the Biota of the Chesapeake Bay, a substantial revision
of the Check List of Invertebrates last issued in 1965. Revisions have
been made of the following sections: Arachnida, Cephalocarida, Cladocera, Copepoda, Branchiura, Cirrepedia, Cumacea, Mysidacea, Pycnogonida and Decapoda. The list of the decapod fauna consists of 64
species in 26 families found within the Chesapeake Bay and an additional 29 species in 7 families from the continental shelf and slope.
During the report periods, the Department head served as chairman of the Tri-State Seafood Committee which represents the health
regulatory agencies for seafood, the state research programs and the
seafood industries of Maryland, North Carolina and Virginia. The
Committee prepared a Manual of Good Manufacturing Practices for
the Sanitary Control of Blue Crab Meat Production and submitted it in
December 1971 to the U.S. Food and Drug Administration for its use
in establishing regulations for blue crab meat production in the United
States.
Ten scientific articles written by the Department staff and students
were published during the biennum. Three graduate students in the
Department completed all requirements for the Ph.D. degree. Five students were currently working on requirements for the M.A. degree at
the close of the final report period.

Mollusk Studies
PRODUCTION OF SUPERIOR OYSTER FOR MARICULTURE
STATUS OF OYSTER CULTURE IN VIRGINIA
Dramatic changes occurred in the oyster industry in Virginia in
the years 1970 and 1972. Production of seed and market oysters continued to decline from the reduced levels of the 1960's. Virginia became heavily dependent upon imported market oysters from the Potomac River and Maryland. Setting in the major seed area in the James
River remained inadequate at one-tenth the 1940 and 1950 levels of
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recruitment. Setting also declined in the Piankatank and Great Wicomico rivers from the above-average level of the 1960's. Seed oysters
became scarce and relatively expensive. Concurrently, the disease caused
by the protozoan MSX continued to prohibit use of large acreages of
private rented grounds in the lower Chesapeake Bay for the 11th
and 12th consecutive years. These uncontrollable problems were compounded by closure of thousands of acres of low-salinity growing
grounds for reasons of pollution. Both seed and market oysters were
scarce in Virginia and the product was high in price. These conditions
provided strong impetus to the Malacology program for producing
superior oysters through genetics and hatcheries, and use of free, or
cultchless, seed oysters and various adaptations of intensive mariculture.
OBJECTIVES OF THE MALACOLOGY DEPARTMENT

PROGRAM
The objectives of the program were to obtain superior lines of
oyster broodstocks for hatchery, pond, and eventually natural water
breeding. The genetic approach involved selection, breeding, and testing of wild and laboratory-bred stocks monitored for fast growth, disease resistance, and desirable shape and quality of shell and meats.
Inbreeding and selection are the basic methods by which oysters of
superior lines for crossing or outbreeding are to be propagated. The
extent of controlled culture was flexible, but involved hatchery rearing
and at least one warm season of nursery care before planting on natural
bottoms. These methods are expensive and must be meshed with
natural setting and open-water growth to insure feasibility. Manipulation of wild and selected broodstocks was considered to supplement
and enhance yield of natural and hatchery seed stocks. Considerable
potential for use of wild spatfalls still exists and should be utilized with
careful planning and management.

ACCOMPLISHMENTS
Emphasis in the breeding and selection program shifted from the
search for MSX-resistant oysters to a broader genetics program with
equal attention to fast growth and quality of oysters. We had several
lines of brood stock that exhibited excellent resistance to MSX throughout their growth cycle. Many lots exhibited losses of less than 10%
per year to MSX with total mortality usually under 20% per year in
trays. Somewhat higher losses to other mortality agents were experienced on natural bottoms. It was found that early exposure provides
considerable resistance to wild oysters from unselected (by MSX)
broodstocks, and this knowledge may be applied with Piankatank River
and other low-bay seed when available, and if other problems of
predation and smothering can be controlled. Small young oysters were
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found much more resistant to the two major diseases of Chesapeake
Bay (Dermocystidium and MSX) than older larger James River seed
oysters.
By selection of parents, oysters that grew to marketable size in
trays in 15 to 18 months were routine, which may be compared with
3 to 4 years usually required for planted oysters (including 2 years in
seed areas). An important factor in early marketing is timing of breeding which can be controlled only in hatcheries. If oysters are set by
1 May to gain the advantage of spring plankton blooms and optimal
temperatures, lots may average three inches by June of the following
year ( 13 months).
During these report periods the experimental hatchery at VIMS
developed methods of rearing free or cultchless spat on plastic sheets.
These required less space at all stages, exhibit superior shape, were
relf-protective in crowded trays against fouling organisms by filtering
water near them, and permitted maximum manipulation and sorting by
sizes during the expensive nursery period. Improved spawning and
culturing methods and new food organisms were developed by the
culture laboratory of the Microbiology Department which rears larvae
and young spat.
The experimental culture laboratory provided enough extra spat
during 1970-1972 to permit initiation of evaluation studies and techniques for planting spat and yearlings of various sizes on shelled and
natural bottoms. Blue crabs are serious predators of small free spat,
and the conditions required to avoid predation and smothering were
explored. Year-old-two-inch oysters comparable to James River seed
exhibited good survival on bare sandy-mud bottoms in the summer of
1971. The studies of genetics of oysters were in the early phases at the
close of these report periods. The most quantitative genetic markers have
been growth and disease resistance. Resistance is measured by two
parameters, prevalence of diseases in live oysters from samples - and
death rates. These were compared to base lines with native susceptible
James River seed oysters. Other markers began to appear, particularly
in pair matings, such as the extremely deep-cupped shells of one reciprocal cross. Each of these distinctive lots, including runty gfJ)ups,
were being held for subsequent breeding. Over 100 lots were monitored
in trays every two to four weeks, and numerous lots were planted on
selected bottoms for SCUBA monitoring.
During the two years several publications were published including
the symposium paper at the Delaware meeting on Artificial Propagation
of Commercially Valuable Shellfish, a paper on bivalve larvae by Paul

Emphasis in oyster breeding and selection shifted to a broader
genetics program with equal attention to fast growth and quality of
oysters.
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Chanley printed in Malacologia, and the Mollusk Fisheries of Chesapeake Bay that appeared in Indian Malacological Proceedings.
Also, a chapter on reproduction of oysters was written and has
been accepted for publication in a book on reproduction by Academic
Press. A manuscript reviewing 12 years of MSX studies neared completion including numerous graphs.
A symposium on oyster diseases was organized and moderated at
the Seattle, Washington meeting of the National Shellfish Association
in 1971. A popular talk on oyster diseases was given at the 1970
Malacological Society meetings in Key West, Florida.

Applied Biology Research
OYSTER SETTING AND SURVIVAL

Applied Biology personnel conducted weekly surveys of oyster
"setting" in Virginia rivers from the end of May through early October
each year. Starting at the mouth of each river and proceeding upstream
to the limits of oyster setting, collecting areas were established on public
and private beds. Spat counts were obtained from oyster shells strung
on wire and suspended from stakes. The number of spat which set in
one week on the smooth side of each shell on the string were tabulated.
Using the numbers of spat counted on shells during each week of
the spawning season, it was possible to estimate the potential of a
particular area for receiving a "strike" or set of oysters, and the weeks
when the strike occurs. This information was useful to commercial
oyster growers because shells planted just before the period of maximum
set have the best chance of getting a good strike.
The department also monitored public oyster grounds and collected
extensive samples in summer and fall to determine numbers of live
oysters, dead oysters and the general conditions of the public rocks.
During the summer of 1970 and 1971 the set of oysters in the
important James River seed area continued to be far lower than that
which occurred prior to 1960. Also, beginning in about 1966 there
was a gradual decline in density of seed sized oysters in the important
midsection of the river which continued into 1971 and 1972. Barring
a major set occurring in the summer of 1972, the decline was expected
to continue.
In the summer of 1971 the set of oysters in the Great Wicomico
was unusually low, and this condition was associated with low oxygen.
Set in the other regions was about normal for the post-1960 period.
OYSTER CONDITION OR QUALITY
The quality of oyster meats was monitored monthly at 22 representative locations in the York, James and Rappahannock rivers. This
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information was useful to oyster processors as well as scientists. In
these studies the size of the oyster meat was compared with the size
of the shell cavity. Oysters which nearly fill their shell cavity yield the
greatest amount of meat per bushel and have the highest index numbers.
In 1970 and 1971 oysters in the Rappahannock were consistently
of higher quality than those in the York and the James. In general,
meats harvested from the York, James and Rappahannock rivers in the
1970-71 season were lower in quality than those harvested from the
same locations in the 1969-70 season. The reason for this was not
known, but it was thought to be associated with availability of food.
AN INVESTIGATION INTO COMMERCIAL ASPECTS OF THE
HARD CLAM FISHERY AND DEVELOPMENT OF
COMMERCIAL GEAR TO HARVEST MOLLUSKS
This project was financed on a matching fund basis by federal funds
under Senate Bill 88-309. Its objectives were:
1. To study distribution of hard clams in Chesapeake Bay with a
hydraulic esculator and a hydraulic tow dredge.
This study showed the presence of commercial qualities
of hard clams in many sections of the Bay, with areas of high
abundance in the lower York, the lower James and in the Bay
off the Poquoson River. In these areas clams tended to be most
numerous in a sandy-mud-shell complex bottom. They were
less abundant in areas of mud.
2. A study of the rate of growth of the hard clam in various
regions of Chesapeake Bay.
Several thousand hard clams of various size were marked
in indelible ink and placed in the lower York and James rivers.
Each fall these clams were recovered by SCUBA, measured and
replanted. Analysis of the date showed that hard clams in the
James grew at a faster rate than those in the York.
On the average clams from the lower James would be
marketable as little necks ( 1.8 inches) during their third year
of growth, and chowder size (2.8 inches) would be attained
in the sixth or seventh year. The slower growing clams in the
lower York would first be marketable as little necks in their
fourth year. Evidence suggested that clams in both rivers may
commonly live 15 to 20 years.
3. An investigation of Clam Farming in the York River.
Biologists could routinely spawn hard clams and raise
larvae to setting size (1-2 m) . However, were these small
clams planted in the estuary, predators such as oyster drills,
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fish and crabs would quickly eat them leaving few to mature.
Studies at the VIMS Wachapreague Laboratory suggested that
if gravel is first placed on the bottom at the rate of 1 cubic
yard/ 100 square feet and the area is then seeded with- clams
the gravel would protect them against predators.
This procedure was tested at Gloucester Point in 1970
and 1971. Results were encouraging and several plots planted
with very small clams in the summer of 1971 showed densities
as high as 60 clams per square yard one yea r after planting.
Modificatio n of a M aryland Type Hydraulic Esculator for
Harvest of Oysters.
In 1971 and 1972 studies progressed on modifying a
Maryland-type hydraulic esculator for harvesting oysters. The
objective was to design an apparatus which would harvest
oysters with minimum damage to the bottom. T oward this end
the head of the esculator was being equipped with ho rizontal
water jets. In addition the existing head was being fitted with
a series of sho rt " tines" attached to an endless belt, which
would revol ve ahead of the cutting blade and penet rate the
bottom to a depth of 2 or 3 inches. This would dig the oysters
from the bottom and push them towa rd the esculator belt
which would carry them to the surface.
As of June 1972 the head was nearing completion and
initial trials were expected in the fall of 1972.
SURVEY OF THE OYSTER INDUSTRY OF VIRGINIA
Work was in progress at the close of the report periods on a
comprehensive repo rt concerning the Virginia oyster industry with emphasis on economic aspects as well as biology. During 1971 and 1972
members of the department interviewed people in the oyste r industry,
they reviewed existing statistics, and they studied the lite rature. Material
review in this report includes: trends in Virginia oyster productio n, the
biology of the oyster, the condition of public rocks, methods of processing oysters, predators and pollution, and economic conditions. The
latest data avai lable were to be included in the fini shed repo rt and it was
intended to be an accurate picture of present conditions in the oyster
industry in Virginia. The findings of the study suggested that economic
factors play as big a role as biological facto rs in determining conditions
in Virginia's oyster industry.
GRADUATE STUDENTS PROJECTS
One graduate student, Mr. Jon Lucy, was conducting a study of
the ecology of the soft clam in the York Ri ver. This study, initiated in
1970, suggested that soft clams may reach marketa ble size in two years.
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It also showed that, although many soft clams set in the lower York
during October and March, few survive to maturity.
In the spring of 1972, a study was started on the effects of low
oxygen on the larvae and adults of oysters and hard clams. Plans were
to expand this study in 1972 and 1973.
A study was being made on benthic inhabitants of oyster rocks in
the James River.
JELLYFISH STUDIES

During the report periods Applied Biology conducted a study on
the common stinging nettle or jellyfish in cooperation with the Department of Physiology.
Studies consisted of an investigation of various chemicals which
are lethal to small sessile polyps.
A second program was the investigation to determine natural foods
selected by small developing jellyfish. Early results suggested that they
will ingest small planktonic animals such as copepods, protozoans, and
rotifers.

Physical Oceanography and Hydraulics
Since its founding in August, 1970, the department of Physical
Oceanography grew to include thirty-four full-time employees by June
30, 1972. The Senior Marine Scientist and five Associate Marine Scientists together administer the various institutional projects and those
programmed under twelve contracts. There have been 16 reports and
journal contributions and three papers presented at conferences. The
research activities of this department in progress at the close of these
report periods are summarized below.
FATE OF WASTE HEAT DISCHARGED INTO THE JAMES
RIVER ESTUARY AT HOG POINT, SURRY COUNTY,
VIRGINIA
Temperature profiles in the vicinity of the mixing zone of the heated
water discharge plume from the Virginia Electric and Power Company's
new Surry Nuclear Power Station were being determined. Deduced
thermal patterns were to be compared with those obtained from previous
model studies under similar wind and flow conditions to evaluate the
relevance of model studies for these purposes. The importance of winds
on the movement of the thermal effluent was under particular consideration. Three field collection systems were in use: a moving boat system,
an in situ (tower) system and an over-fly system.
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ESTUARINE MIXING AND TRANSPORT
The evolution with time of a "batch" release of dye was to be
studied to determine how substances introduced into the James River
are mixed into the body of water and how they are transported to other
points. Dye concentrations were being measured at fixed points as the
dye cloud passes upstream and downstream. In addition, samples were
taken from moving boats to investigate lateral variations and to obtain at
least one example of concentration variation with distance at a (more
or less) fixed time. Other longitudinal distribution curves were constructed from the data collected at fixed points following the method
used by Fischer. The dispersion coefficients were then calculated by
using the "change-of-moment method." In addition the dye concentrations were monitored at one or two fixed points to determine the
time of passage.
In addition to the dye studies, temperature, salinity, dissolved
oxygen, BOD and currents were to be measured to model the dissolved
oxygen regime. Special attention was to be given to the oxygen sag
near sources of organic pollution ( e.g. below Richmond and Hopewell).
BEHAVIOR OF WASTEWATER-ORIENTED
NONCONSERVATIVE SUBSTANCES
In conjunction with the "mixing and transport" studies, the behavior of nonconservative substances, coliform bacteria in particular,
was being investigated. Chlorination at selected sewage treatment plants
was being halted for specified periods of time. Samples were then collected to determine the spatial and temporal variations of the coliform
count. Currents, tidal fluctuations and other data collected in previous
and concurrent studies were being used to predict likely geometries of
the effluent plume throughout the tidal cycle. Sampling points and
frequency of observations were chosen using these predictions in order
to obtain as accurate a picture as possible.
FLUX OF MATERIALS AT THE MOUTH OF
CHESAPEAKE BAY
Studies in the field were directed toward the development and
verification of a theoretical model of the Chesapeake Bay mouth as a
pulsating jet orifice. These studies include flow measurements and also
the determination of total water chemistry, particulate matter, and
pelagic biota. Past studies depicted the general hydrographic conditions
in the area. Present studies, which will emphasize both the effects of
Rodamine WT, a harmless red fluorescing dye commonly used in
lipsticks and candles, was released into Virginia estuaries in hydrographic studies to formulate mathematical models.
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extreme weather and seasonality, should serve to verify the existence
and persistence of large nearshore eddies on the sides of the bay mouth
as well as to indicate the renewal characteristics there, and the extent to
which the Bay system acts as a contaminant source for the continental
shelf.
INVESTIGATION OF THE WATER TABLE IN A
TIDAL BEACH
A sudy was completed investigating the response of the water table
in a tidal beach to changes in ambient hydrographic and atmospheric
conditions. The project involved a field study to collect measurements
of elevations of the water table in a beach, elevations of the local ocean
surface, atmospheric pressure, local rainfall and several characteristics
of the surf. These data were subjected to a regression analysis to determine the water table height. In addition, one-and two-dimensional,
finite-element models were developed to predict the response of the
water-table height to tidal conditions.
MODEL STUDIES
Cooperating state agencies (VIMS, together with the Virginia
Division of Water Resources and the Virginia Water Control Board)
have been developing and implementing mathematical models of the
various Virginia estuaries. This project has been called the Cooperative
State Agency (CSA) modelling project.
Starting with a field project in October, 1969 to gather background
and verification data, a model study was completed for the upper York
System. A time-dependent model for predicting salinity at high water
slack over a period of several months was developed and verified. A
model for predicting dissolved oxygen on an hourly basis including tidal
action was developed and verified. In addition a salinity intrusion model
using an implicit finite-difference method of solution was developed
and verified. Both salinity models were verified using data collected
on slack-water runs.
Hydrographic and water quality data were collected in the upper
portion of the Rappahannock estuary, Virginia in the summer of 1970.
The data were analyzed and used for the development and verification
of one-dimensional mathematical models.
Mathematical models for the prediction of salinity distribution and
dissolved oxygen concentration in the Upper Rappahannock River were
developed. Two models were to be used to predict the high water
salinity distribution, given the initial salinity distribution and freshwater
run-off. One uses explicit integration, the other implicit. An explicit
and an implicit model was also developed to study the variation of dissolved oxygen with time, given initial temperature and river discharge
conditions and tidal amplitude.
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In the summer of 1971, a field program was carried out in the
tidal James River. Salinity, temperature, dissolved oxygen, biochemical
oxygen demand and current speed and direction were measured at nineteen transects. These data were being used to develop and verify water
quality and salinity models for the James River at the close of the reporting periods.
STUDY OF THE PHYSICAL EFFECTS OF THERMAL
DISCHARGES INTO JAMES RIVER BY SURRY
NUCLEAR POWER PLANT
Two- and three-dimensional mathematical models, based on the
river condition and geometry, were being developed to predict the temperature distribution of Surry County nuclear power plant cooling water
discharge plume. Data from three field collection systems-a moving
boat system, an in situ (tower) system, and an over-fly system-were
used to verify the models. Physical parameters to be evaluated included
heat exchange coefficient, equilibrium temperature and cloudiness ratio.
Various statistical analyses of the data from the moving boat and tower
systems were included in the study to make the data more useful.
GRADUATE STUDENT PROJECTS
Cyclonic Gulf Stream Eddies

A study of recently-observed cyclonic eddies shed from the Gulf
Stream was completed in an attempt to explain the movements, and size
and shape changes of these eddies. Mathematical modeling was used
to observe the effects of various initial conditions and geophysical parameters on the subsequent motion of an eddy.
The Effect of Run-off from Hurricane Camille on the Continental
Shelf Waters of the Chesapeake Bight

Data from two cruises off the mouth of Chesapeake Bay subsequent
to the passage of Hurricane Camille (August 1969) were analyzed and
compared to earlier data collected on the continental shelf. A report
was in preparation describing the distribution and movement of Camille
flood waters on the continental shelf and indicating probable reasons for
resulting salinity distribution.
The Long-term Variation of Salinity Intrusion into an Estuarine
River

A theoretical study was nearing completion on a more rigorous
development of the longitudinal dispersion coefficient for a long term
salinity model. This model described the long term variation of the
averaged salinity distribution over a tidal cycle along an estuarine river.
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Expressions for a longitudinal dispersion coefficient, averaged over a
tidal cycle, were obtained to a first order approximation. Comparison
with field data was underway.

Circulation and Mixing in the Area of the Virginia Capes
A mathematical model of the coastal sea around Chesapeake Bay
entrance and the adjacent continental shelf area was being developed.
This model should be able to describe the general distribution of currents, temperature and salinity. After proving satisfactory the model
may be used for oceanographic forecasting, such as invasion of long
waves from the ocean, the distribution of pollutants, the effect of dredging and beach erosion.
Preliminary field work was carried out in September and October
1971. Results of this work were being used to design further field
studies directed towards determining surface velocity fields in the study
area.

Two-Dimensional Jet Discharging into Ambient Fluid of Uniform
Velocity
A theoretical model was being developed for describing the flow
field induced by a two-dimensional jet discharging into an ambient fluid
of uniform velocity. The boundary conditions simulated the flow of
water from the Chesapeake Bay into the Atlantic Ocean, including the
Coriolis effect.

Comparison of Numerical. Methods for the Solutions of the
Complete Equation of Unsteady Flow
Computer-oriented mathematical models for numerical analysis of
water movement in estuaries were being developed. The equations were
to be solved by three independent methods, the finite difference method,
the finite element method, and MAC method, each method using the
same initial conditions.

Geological and Chemical Oceanography
During the report periods members of the department advanced
significant results in geological and chemical studies and initiated new
studies in these field.
COASTAL EROSION AND CONTINENTAL SHELF
PROCESSES
The ultimate goal of virtually all coastal and shelf studies was to
gain the capability to predict coastline and shelf response to oceanic
forces so that the marine resources may be more fully utilized. Achievement of this goal embodies a need for both basic and applied research.
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The studies conducted on the affects of ground-water table on
erosion, although basic in nature, gave direct insights into some of the
causes of erosion. Furthermore, they suggested the possibility of reducing erosion by artificial reduction of the water table level. The
development of prediction equations for beach erosion by storms, although only moderately successful, indicated gross predictions of erosion can be made for storms of given intensities.
Prior to 1972 little concrete knowledge of the rates of erosion of
the Virginia shoreline existed. Such knowledge was essential to plans
for corrective actions. Under the direction of Dr. Robert Byrne, the
shoreline erosion losses and rates for all of the Virginia shoreline was
assessed and reports were being prepared for distribution.
One of the most vexing of coastal engineering problems was the
design of the stable tidal inlets. An important step leading to better
design is to understand how inlets change; thus basic work on the
response of inlets to storms was undertaken. The particular inlet under
study was Wachapreague Inlet on the Eastern Shore. Studies included
the first measurements of response to storms. The goal was to relate
the observed changes to the intensity of storm waves and storm tides.
Most workers in the field of costal studies have recognized the
importance of wave refraction as having a dominant influence on beach
response and erosion characteristics. Waves also stir the bottom sediments on the inner-continental shelf for distribution by currents. In
an effort to acquire a complete analysis of wave refraction VIMS teamed
with NASA-Langley to complete this enormous computer task. This
study was also expected to have a direct contribution to such problems
as ship routing and offshore port siting.
Another side of the continental shelf investigations was the assessment of the mineral resources on the shelf, especially sand, gravel, shell
and heavy mineral concentrations. Maps were prepared showing the
sediment characteristics of shelf sediments and detailed studies were
under way.

ESTUARINE SEDIMENTATION PROCESSES
The various estuaries of the Chesapeake Bay system act as traps
for sediments introduced by the rivers and shore erosion. In an effort
to better understand the sedimentation processes in estuaries intensive
studies were undertaken of the mechanism whereby sediments concentrate at the transition zone where freshwater rivers mix with salt water
"the turbidity maximum." These would have direct applications toward
understanding the shoaling phenomena which compromises navigation
in many estuaries and which involves costly maintenance dredging of
channels.
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Just as estuaries in general trap sediments, we found that marshes
act as a source as well as a sink for sediments. In order to better understand the transport processes in marshes, which we recognized as being
of great importance to the marine food chain, a detailed study of sediment transport in marsh channels was undertaken. Studies of sampling
design were considered of great benefit to all disciplines making budget
measurements of marsh components such as nutrients and detritus.
REMOTE SENSING IN THE MARINE SCIENCES
There were many problems of marine science which can best be
approached using remote-sensing technology; others were greatly enhanced by using these methods. Extensive usage was made of remote
sensing in the interpretation of water color patterns as indicators of
circulation, suspended sediment content and plankton.
Under NASA-Wallops funding, two oceanographers utilized multispectral sensing to investigate the optimum sensors to trace the behavior
of fuel oil spills on the national environment. Studies were also underway to detect the effects of power plants on the thermal structure of
estuaries. In this case we studied the VEPCO Surry Nuclear Generating
Station on the James in conjunction with the field and analytical studies
of physical oceanography.
CHEMICAL OCEANOGRAPHY
During the report periods the chemical effort was focused on problems of oil in the environment. The aging of fuel oils (Nos. 2,4,6) was
studied in the field under a variety of wind and sea states. The aging
was found to be a combination of volatilization and of dissolution of
oil components into the water column. Investigation of the nature of the
oil components which are soluble in seawater was begun. The work
included the determination of plankton in natural surface films and
studies of the pesticides, fatty acids and hydrocarbons found in natural
surface films.
OTHER WORK
Members of the department were involved in a number of interdepartmental studies. Among those were contributions toward the dePollution of the Marine environment by accidental oil spills is
not new to the lower Chesapeake Bay region. VIMS chemical oceanographers began studies of the nature of oil components soluble in seawater to determine the lasting effects of oil spills.
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limitation of Virginia's territorial waters and the recommendations for
tidal datum planes for marsh boundaries and other inland waters.
Approximately twenty scientific papers and reports were either
published or submitted during this time period.

Microbiology-Pathology-Parasitology
MICROBIOLOGY
During the report periods nine scientific papers were published
on the fine structure and development of estuarine fungi and Protozoa.
The fungi studied are involved in the degradation of plant and animal
material in estuaries and thereby participate in the recycling of nutrients.
Emphasis was on elucidating the structure of these organisms as a means
of identification of the species which are present on degenerating biological material. This information will be used in future efforts to
determine the fungi which are of primary importance in nutrient recycling.
The structure of several diverse groups of Protozoa were examined
also as a means of identifying the species involved in several different
processes in the estuaries. The dominant labyrinthulid organisms which
had been suspected of playing a role in diseases of eel and marsh grass
in lower Chesapeake Bay were established in culture and described.
Their role, if any, in disease processes will be studied. The life cycle of
a related disease organism of oysters, Dermocystidium marinum, was
further elucidated with the conclusive demonstration of motile, infective
stages. Previously, motile stages were known to exist, but whether or
not they were infective was not certain.
A structural study of a haplosporidan parasite of a trematode parasite found in blue crabs was completed. The haplosporidan, Urosporidan
crescens, causes "pepper spots" in the muscle of blue crabs as a result
of spore formation in the trematode. With completion of this study, the
structure of four species of haplosporidans (Minchinia costalis or
"SSO"; M. nelsoni or "MSX", and M. louisiana) was investigated. The
Minchinia species were involved in diseases of crabs and oysters. Information from these studies continued to be used to help determine
the life cycle when they are encountered outside the oyster.
"Gray crab" disease of blue crabs was investigated through a
structural study of the disease agent, Paramoeba perniciosa. A unique
Micrograph of internal detail of microsporidian spore found in
cysts of spot, an important food fish of Chesapeake Bay. Freeze-etch
replica at 32,250 magnifications by the VIMS electron microscope.
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identifying feature next to the nucleus was described and used to identify
the presence of related, amoebae found in estuarine sediments and water
where blue crabs are found. The source of infective cells from sources
other than blue crabs was being sought, since attempts to infect blue
crabs with amoebae from diseased crabs were unsuccessful.
INVERTEBRATE ZOOLOGY
Since the muscle found in the tentacles of jellyfish is unique in its
ability to contract to very short lengths and because it is possibly
morphologically similar to human smooth muscle, a collaborative effort
to study its fine structure was initiated with investigators from the Medical College of Virginia. The muscle was found to contain three classes
of muscle fibers and the extreme contractility was found to result from
folding of the tentacle, not from an unusual degree of muscle cell contraction.
ALGAL STUDIES
The algal culture laboratory established a culture collection of 46
species of microalgae for use in food studies of oysters, clams, and other
invertebrates and for use in studies on the composition of phytoplankton
blooms in the Chesapeake Bay. From this collection improved food
sources for clams, scallops, and oysters were discovered. Nannochloris
sp., a green alga, was found to improve yields of clams and scallops.
When used together as food sources, Pyraminmonas sp., a flagellated
green alga, an unidentified chrysophycean flagellate, and two previously
used species of microalgae were found to decrease the setting time of
oysters by one-half.
Forty species of seaweeds were established in culture and used in
studies of their life cycles and morphology. Environmental parameters
were manipulated in the laboratory in efforts to determine some of the
ecological factors which govern stages in the life histories of the organisms. To expand these studies, new isolates of both microalgae and
seaweeds continued to be obtained.
Monthly surveys were conducted to determine the community
structure of attached and benthic marine algae of the Virginia coasts.
The periodicities, distributions in brackish waters, and relative abundances of the species were studied. In addition, similar studies were
being conducted on phytoplankton in freshwater ponds, marshes, and
swamps to secure an insight into their composition for possible use in
the identification of similar species from the slightly brackish marsh
areas of the Virginia coasts.
Studies were conducted to determine, and subesequently interpret,
the absorption spectra of living cell suspensions of cultured, marine,
planktonic algae. The ultimate aim was to determine the location and
composition of natural phytoplankton blooms by aircraft, satellite, or
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both. This information may be useful in locating highly productive areas
which may be serving as food sources for various fishing industries. It
may also be useful in locating toxic algal blooms which may have adverse effects on economically important marine organisms. The research
was carried out in cooperation with NASA, Langley Research Center.
Also in cooperation with NASA, cultured phytoplankton were provided
for the determination and interpretation of fluorescent spectra utilizing
a dye laser optical radar system. The information will be used in a
similar manner to that derived from analyses of absorption spectra.
BIVALVE LARVAL CULTURE
The invertebrate culture efforts were expanded during the reporting
periods resulting in increased production of larvae and improvements
in techniques of aquaculture of significance to oyster, clams, and scallop
growers. Methods were developed for conditioning and spawning local
oyster stock (James River, York River, Mobjack Bay, Rappahannock
River and Potomac River) to obtain oyster larvae on a year-round basis.
Methods to produce cultch-free spat were refined and tested to obtain
large quantities of oysters on a year-round basis. These methods were
described in the journal Chesapeake Science (Vol. 13, pp. 45-52).
The larval development of the Calico Scallop, Argopecten gibbus,
a commercially important she11fish was described for the first time. The
Calico Scallop larvae are noteworthy in that the setting size is double
that of its close relative the Bay Scallop. The relative ease of culturing
the Calico Scallop larvae to setting indicates that this species has a
great potential for the mariculture industry.
Bio-assay of new algal isolates indicated that oyster larvae may be
grown on a year-round basis allowing setting of oyster larvae in 11-14
days instead of the normal 19-25 days for the production of cultch-free
spat. Other bio-assays also indicated that environmental and/or genetic
parameters influence the production of gametes which in the final
analysis determine the growth and setting intensity of oyster larvae.
PARASITOLOGY
The Parasitology Section continued systematic and ecological studies
of monogenetic trematode parasites of fishes from the World Ocean.
In addition, and more recently, increased attention was given to the
dynamics of parasitic infections and diseases in local fishes in an effort
to determine the effects they have on fish populations.
Studies in Monogena produced a doctoral dissertation dealing with
the host-specificity of capsaloid Monogenea of the world (School of
Marine Science-August, 1971 ) and a master's thesis based on collections of parasites of fishes of Palmer Station, Antarctica ( School of
Marine Science-January, 1972) . Publication of the dissertation as a
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special VIMS contribution and the thesis as a regular journal contribution was planned shortly after the close of the periods. Supplements 2
(March 71) and 3 (March 72) to our Bibliography of the Monogenetic
Trematode Literature ... resulted from our literature accessioning efforts
for host-specificity and systematic information on Monogenea. At the
close of the periods, four systematic papers on Monogenea were in
preparation and one long paper, a monographic treatment of a subfamily,
was at the publisher for review. These works resulted from our coIIections of Australian fish parasites.
Study of local parasitofauna produced a paper on the microecology of Monogenea coIIected from the gills of Cape Hatteras fishes
(July 1971 ) , and surveys of collections of parasites from Chesapeake
Bay fauna resulted in an enlarged and up-dated check-list of parasites
to be included in the VIMS check-list ( March 72). Studies of the
dynamics of parasites in local striped bass populations were underway
in April 1972 under the direction of visiting scientist Dr. I. Paperna
(NSF Senior Foreign Scientist Fellow). These studies should yield information on pathological changes and the contribution these parasites
play in the so-called "natural mortality" rate in fish populations. A
comprehensive handbook and guide to the parasites and diseases of
marine fishes, and their controls was in preparation.

Eastern Shore Laboratory Activities
The principle research efforts conducted by Eastern Shore Laboratory personnel involved clam culture and scallop culture. There were
six projects directed by scientists from the Gloucester Point campus
and one conducted in cooperation with another state. Six research
papers were produced.

CLAM CULTURE
Field experiments continued on the use of aggregates to protect
young clams from predators. The method developed involved spreading
shell, gravel or other materials referred to as aggregates over sand or
mud bottoms before planting clam seed. It was published as Marine
Resources Advisory Series No. 4 and distributed to members of the
clamming industry. Those interested in testing the method were supplied with seed clams. In addition, we tested some new post set protection methods during the report periods. Wild mass cultures of algae
grown in the hot house were used as food for clam larvae and juveniles.
SCALLOP CULTURE
A biological feasibility study of culturing scallops was completed
during the period, and an economic feasibility study was in progress.
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The scallop culture techniques developed were presented to members of the industry in Marine Resources Advisory Series No. 5, REARING THE BAY SCALLOP, along with an offer of juvenile scallops
reared in our culture laboratory for their use.
PROJECTS DIRECTED FROM THE GLOUCESTER POINT
LABORATORY
Considerable effort by the Eastern Shore scientific and technical
personnel was expended to assist scientists at the Gloucester Point
facilities and may be more thoroughly reported elsewhere. These are
listed as follows:
1. Monitoring of shellfish for disease, a continuing program since
1958. Five stations were maintained and samples were made
for local beds when necessary. This work was done for the
Department of Malacology.
2. Monitoring for pesticides in the marine environment continued
until the spring of 1972. Samples of oysters were collected
regularly from two stations to test for pesticide content. This
work was done for the Department of Ecology-Pollution.
3. Mr. John Boon of the Department of Geological Oceanography
was assisted in studies of suspended sediment transport in a
tidal marsh.
4. Dr. Robert Byrne of the Department of Geological Oceanography was assisted in a study of inlet stability.
5. Dr. Byrne was also assisted in studies of shoreline erosion and
inlet instability along the Eastern Shore of Virginia.
6. Mr. Irving Mendelssohn, a graduate assistant in the Department of Ecology-Pollution, was assisted in his thesis research
project, a study of the influence of edaphic factors on the productivity of three Virginia marshes.
COOPERATIVE INTERSTATE PROJECT
A study of the thermal effects on pelecypod larvae was conducted
in cooperation with the Maryland Department of Research and Education.
ADVISORY ACTIVITIES

The Eastern Shore had nearly 2000 visitors during the report
periods, including 545 students in 14 school groups, 246 students in
23 college and university groups, approximately 500 in 33 miscellaneous
field trips, and 585 casual and special visitors. We also responded to
numerous service requests. Attempts were begun to establish an oyster
cannery on the Eastern Shore.
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Services and Facilities Suporting Research
DATA PROCESSING AND STATISTICAL SERVICES
Since acquisition of the IBM 1130 computing system in 1967,
work loads progressively increased. The increase was due primarily to
addition to the scientific staff of personnel who required services of a
computer in their research. This was exemplified by projects associated
with mathematical modeling of various segments of the Chesapeake Bay
system.
Records were maintained on computer usage. During the report
year 1970-1972, monthly total time on the central processing unit
(CPU) varied between 145-212 hours per month with the average
about 165 hours per month. These figures indicated a high degree of
utilization, particularly when time was registered only during the actual
state of computing. Time was required to read cards which was not
recorded and time was required to load and unload jobs.
A record was maintained of the number of jobs submitted for
computer runs each day. From 25 to 40 jobs were submitted daily
and the average was about 30 jobs per day. Over 85% of the jobs
submitted were executed within an eight-hour time frame. The computer
served administrative and scientific personnel with approximately 82 %
of work devoted to scientific pursuits. In addition to providing accounting and scientific needs, personnel lists were kept and many address
labels were created each month.
The IBM computer was upgraded at the start of 1970. Another
disk drive added core storage ( 4k to 8k) and a 1403 high speed printer
constituted the change. System upgrade came none too soon for, with
increases in volume of our record files and the slow speed of the originally acquired printer, the systems developed a bottleneck. Some 16
months later, as this report was prepared, the problem of an overloaded system again confronted us. Steps were taken to acquire a
completely new configuration.
Aside from the fact that we rapidly neared the time when a year's
volume of accounting records would be of such magnitude that a disk
cartridge would not hold the record, we were in early planning stages
for the development of a management information system. This system,
called MERRMS ( An acronym for Marine Environment and Resources
Research and Management System), when ultimately developed would
provide the scientist with timely information relating to any particular
subject matter for which we would have information in our files. Basically, such an information system would require computing hardware
with a very high storage capability and rapid access time. The computer should also be capable of multi-program execution.
Mr. Wojcik was responsible for development of software required
to develop bibliographies on estuarine research. He employed descrip-
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tors which were used for indexing and cross-indexing. Personnel in the
library assigned a variable number of descriptors, as many as 10, to
an article. The descriptors not only provided a point of access to the
records, which were randomly stored on magnetic disks, but also appeared with each citation, thereby providing the user with some concept
of what each article contained. Each citation, in the finished report,
appeared once under every descriptor. Descriptors appeared alphabetically and citations under each descriptor were arranged by year of
publication. An author index was also given. Two bibliographies were
prepared, one on research related to the James River estuary and the
other on research on Virginia's portion of the Chesapeake Bay system.
In a true sense, the development of a method to handle and periodically
publish bibliographies was but a segment of an information system.
Once the data are stored on disks, the computer automatically sorts
through the file and prints the information in the proper format. To do
this, of course, required careful planning and thought to develop software requisite to accomplish the task at hand.
Since early summer 1971, an inventory of our data files has been
in progress. Although the Institute had ADP capabilities since June,
1963, some card .files contained information dating back to the early
1950's. The inventory, now completed through 1971, showed that there
was an accumulated 50 million characters in data base which related to ·
65 different projects some of which were continuing studies. The inventoried data base did not include accounting, personnel and item
inventory data and other related subjects. In time the present data
base as well as additional accumulated information would form a part
of MERRMS data bank. Information on the physical features of the
estuarine and coastal zone systems constituted one of the largest segments of our data base. There was increasing emphasis on studies of
estuarine hydrodynamics but, in addition, all field studies involved
routine collections of temperature, salinity and dissolved oxygen. Development of a format called Oceanography Form 1 permitted all collected hydrographic data to be set in a standard form. These data were
accessible to any scientist at the Institute.
Students were trained in use of the computer and in development
of their own programs. Mr. Wojcik taught classes in Fortran language.
As a result many of our students used this facility in development of
their theses.
Mr. Wojcik was responsible for the development of a large file of
statistical programs, many of which were very frequently used; others
were quite specialized and infrequently used. The scientific staff and
students used these programs and frequently Mr. Wojcik aided in development of specialized programs and provided interpretation of results.
Software was developed to accommodate accounting needs. Because of ever-changing requirements by the Accounting Department,
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modifications of existing software were required. Mr. Wojcik very
capably met these requirements despite the fact that the IBM 1130 was
basically a scientific machine seldom used for accounting purposes.
EXTENSION SERVICES

The VIMS Extension Service, organized in 1970 was expanded
during 1971 with intensified activities. Activities during the calendar
year 1971 were represented as follows:
During the year 1816 contacts were made with seafood industry,
state agency, federal agency and academic institution personnel. Meetings of the Virginia Marine Resource Commission, Virginia Seafood
Council, Virginia Oyster Growers and Packers Association, the Virginia Crab Processors group and the Tri-State Seafood Committee were
attended on a regular basis. The Potomac River Commisison and Virginia Trawlermens and Packers Association meetings were attended on
occasion. Visits were made to investigate technological advances in
oyster shucking and harvesting, clam grading and counting, Black Sea
Bass potting and pound net fishing. Workshops attended included one
in seafood processing, two in marketing and packaging, three in extension methods, and two on proper methods of applying for permits to
discharge liquid wastes into navigable waters. A full-time secretary
and another extension agent were hired.
Highlights included a demonstration of a fish flesh separator in
Hampton which drew over 70 persons, an oyster grower and harvester
meeting in Accomac to ascertain interest in an oyster steam plant, and
a meeting with Armed Service purchasing people which resulted in
acceptance of red oysters by the armed services. Also a method was
sought to decolor red oysters. An investigation of high mortalities in
hard clam transplanting from the James River to Chincoteague led to a
means of minimizing losses. Extension personnel devoted over two
months to interviewing seafood interests in Accomac and Northampton
Counties to update economic information of the industry as well as
assemble and prepare a report.
Much time was spent assisting seafood processors in applying for
discharge permits, investigating a crab kill and determining the effectiveness of selective plantings to minimize cownose ray damage to oysters.
OCEANOGRAPHIC LIBRARY
The main objective accomplished by the library during the report
periods were to provide good reference service for its users. During
the periods 1484 references from other libraries both in and out of
state were requested via TWX. In addition 535 requests were mailed
on library forms plus letters for obtaining information and material
from governmental and private resources.

VIMS ANNUAL REPORT

47

Another objective was to improve our exchange program with the
world-wide marine science community. A corrected and updated list of
VIMS Publications containing availability and cost information was prepared for publication. Also, we made an interest and address check for
institutions on exchange lists. Many new institutions were added. For
the first time the format for our annual 1971 VIMS Contributions was
offset printed and bound in a standard size. The library sent an average
of four VIMS publications per working day in response to phone and
mail requests.
In June 1971 we published the James River Bibliography which
served as a model for an intended continuing bibliography of the Chesapeake Bay. We read and assigned descriptors for each citation entered
in the file. These data were computerized in order to print out the
bibliography in its final subject arrangement. Following guidelines
established by the James River Bibliography, we completed the second
volume entitled The Chesapeake Bay Bibliography, Virginia Waters.
INFORMATION AND EDUCATION ACTIVITIES
Reorganization of this department occurred upon retirement of
Mr. Robert S. Bailey who had served as publicist, educator and departmental chairman for more than twenty years. Mr. Fred C. Biggs was
promoted into the vacated position and Mr. James A. Lanier, III was
appointed to the departmental staff to direct the Education Program.
Information Program

The primary function was to inform the public of activities of the
Institute. This was accomplished by disseminating information through
the news media ( newspapers, radio and television) preparation of
special articles for periodicals, assisting journalists with feature articles,
movies and programs, public speaking engagements, press conferences
and exhibits at public and scientific events. Numerous inquiries from
organizations and individuals receives immediate response. Regularly
scheduled tours were conducted as were numerous impromptu tours for
persons interested in the Institute.
An example of these activities may be tabulated from the calendar
year 1971, during which a total of 294 newspaper stories regarding
VIMS appeared, 38 news releases were issued, 4 public exhibits were
installed, 1173 inquiries were received from individuals and groups
requesting specific information or educational publications, and 52 programs were delivered to various public organizations.
As part of the general information program, advisory publications
were prepared and distributed under sponsorship of the Sea Grant Program. Mr. David Garten was the chief producer in this function which
augments the regular institutional information program. Through
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standard publications, advisory information was transmitted to marine
resource users and managers.
Our most frequent publication, MARINE RESOURCE INFORMATION BULLETIN, was sent to 2,484 subscribers, including mailings to 31 states as well as El Salvador, Canada, Israel, Greece, Nova
Scotia, Western Australia, England and New Zealand. During the
period from July 1, 1970 to May 31, 1972, 34 issues of the MR.I
BULLETIN were published.
The Marine Resources Advisory Series was used when it was
felt that a project needed more detailed treatment than general reporting in the BULLETIN or the news media. Series publications produced since July 1970 are Advisory No. 5, "Spawning and Rearing the
Bay Scallop, VIMS Laboratory Method", and Advisory No. 6, "Shell
Bags for Catching Oyster Spat, Tips on Constructing and Planting
Bags." Advisory No. 4, "Hard Clam Culture Method Developed at
VIMS", carried a June 1970 date, but was actually distributed during
July 1970.

Educational Program
The purpose of the Education Program was to provide the public
with marine. science information. In addition to meeting personal needs
of citizens, expected benefits included an increased concern for the
wise management of Virginia's marine resources, and recognition of
the vital role of research in such management.
During the period of this report more than 340 programs were
presented to 13,300 college, high school and elementary school students
who visited VIMS. Slide presentations on research at VIMS, lectures
on ecological problems in Virginia's Coastal Zone, collecting programs,
research vessel demonstration cruises, and tours of VIMS' facilities were
offered. More than 5,000 letters and phone calls went to locations all
over the state in response to questions ori marine science from students
and teachers.
VIMS' personnel traveled to various parts of the state, .making
more than 120 presentations to various school, civic, and business
groups. VIMS was also represented on 4 television programs, including
two shows in which a variety of living marine animals were introduced
to thousands of children on an early morning cartoon show.
Other services provided by the education staff included judging
science fairs, advising students interested in marine science careers, and
teaching in a Natural Resource Conservation Course taught each summer at the College of William and Mary, Virginia State College and
at Madison College.
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Services
All VIMS' art and photography services were rendered through this
activity that included preparation of photographs and illustrations for
manuscripts and visual aides. Publications other than those intended
for scientific journals received final treatment in preparation for printers.
A Xerox copying system was maintained and controlled by personnel
in the department. Regular monthly financial reports were compiled and
issued to the Administration for purposes of accounting for charges
created through use of Xerox, art and photographic services.
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amino acids by Dugesia dorotocepha/a and Bdelloura candida
(Platyhelminthes, Turbellaria). Biol. Bull. 141 (2) :364-371.
Harrison, P. Wyman, Ching Seng Fang, and Son Nan Wang. 1971.
Groundwater flow in a sandy tidal beach. 1. One-dimensional
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plant on the James River, Virginia. Part II. Results of monitoring physical parameters of the environment prior to plant
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Lawler, Adrian R. 1971. Zoogeography and host-specificity of the superfamily Capsaloidea Price, 1936 (Monogenea: Monopisthocotylea).
638 p.
Leonard, Sarah B. 1971 . Larvae and young of the western North Atlantic
bothid flatfishes Etropus microstomus (Gill) and Citharichthys arcti1rons Goode in the Chesapeake Bight. 101 p., 30 figs.
Lynch, Maurice P. 1972. Variations in some serum constituents of the blue
crab Callinectes sapidus. 122 p.
Pickett, Robert L. 1971. Numerical modeling investigation of cyclonic
Gulf Stream eddies. 86 p.
Swartz, Richard C. 1972. Postlarval growth and reproductive biology of the
xanthid crab, Neopanope texana sayi. 230 p.
Burrell, Victor G., Jr. 1972. Distribution and abundance of calanoid
copepods in the York River estuary Virginia. 1968 and 1969. 234 p.
Cain, Thomas D. 1972. The reproductive cycle and larval tolerance of
Rangia cuneata in the James River, Virginia. 121 p.
Sandifer, Paul A. 1972. Morphology and ecology of Chesapeake Bay
decapod crustacean larvae. 532 p.
Theses
Fausak, Leland E. 1970. The beach water table as a response variable of
the beach-ocean-atmosphere system. 53 p.
Greer, George W. III. 1970. The heat budget of the water of a portion of
the Chesapeake Bight 1967. 40 p.
Tsimenides, Nicholas C. 1970. Mortality rates and population size of the
alewife Alosa pseudoharengus (Wilson) in the Rappahannock and
Potomac rivers. 75 p.
Wulff, Ella May T. 1970. Taxonomy and distribution of Western Atlantic
Bittium (Gastropoda: Mesogastropoda). 58 p.
Zachary, Arthur L. 1970. Survival and activity of the oyster drill, Urosalpinx cinerea (Say), under conditions of fluctuating salinity. 63 p.
Barnard, Thomas A., Jr. 1971. The role of an anadromous fish, the alewife, Alosa pseudoharengus (Wilson), in pesticide transport. 34 p.
Bullock, Paul A. 1971. The feasibility of developing forecast systems to
predict changes in beach sand volume on ocean beaches during storms.
78 p.
Diaz, Robert J. 1971. Effects of thermal shock on larvae of the oyster,
Crassostrea virginica (Gmelin). 36 p.
Dietz, Marsha A. 1971. An ultrastructural study of strobilation in
Chyrsaora quinquecirrha with special reference to neurosecretion. 13 p.

VIMS ANNUAL REPORT

57

Dressel, David M. 1971. The effects of thermal shock and chlorine on the
estuarine copepod Acartia tonsa. 58 p.
Elder, Robert B. 1971. The effect of run-off from Hurricane Camille on the
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Michael Castagna, M.S., Senior Marine Scientist and Scientist-inCharge
William P. Duggan, M.S., Assistant Marine Scientist

DIVISION OF FISHERY SCIENCE AND SERVICES
W. Jackson Davis, Ph.D., Assistant Director and Division Head
Edwin B. Joseph, Ph.D., Assistant Director and Division Head (Resigned 7-30-71)
Applied Marine Biology, Department of
Dexter S. Haven, M.S., Senior Marine Scientist and Department Head
Joseph G. Loesch, Ph.D., Associate Marine Scientist
James P. Whitcomb, M.A., Assistant Marine Scientist
Paul C. Kendall, B.S., Research Assistant
Reinaldo Morales-Alamo, B.S., Research Assistant
Crustaceology, Department of
W. A. Van Engel, M.Ph., Senior Marine Scientist and Department Head
Mark E. Chittenden, Ph.D., Associate Marine Scientist
Paul E. Haefner, Ph.D., Associate Marine Scientist
Ichthyology, Department of
Walter J. Hogman, Ph.D., Associate Marine Scientist
John V. Merriner, Ph.D., Associate Marine Scientist
John A. Musick, Ph.D., Associate Marine Scientist
William R. Rhodes, M.S., Assistant Marine Scientist
C. E. Richards, M.A., Assistant Marine Scientist
W. H. Kriete, Jr., B.S., Research Assistant
Richard A. St. Pierre, M.A., Assistant Marine Scientist
W. L. Wilson, Laboratory Specialist
Malacology, Department of
Jay D. Andrews, Ph.D., Senior Marine Scientist and Department Head
E. Michael Frierman, B.S., Research Assistant
Curtis C. Leigh, Laboratory Specialist

DIVISION OF BIOLOGICAL OCEANOGRAPHY
Invertebrate Ecology, Department of
Marvin L. Wass, Ph.D., Associate Marine Scientist
Dale R. Calder, Ph.D., Associate Marine Scientist
Richard C. Swartz, Ph.D., Associate Marine Scientist (Resigned 6-72)
Microbiology-Pathology, Department of
Frank 0. Perkins, Ph.D., Senior Marine Scientist and Department Head
John L. Dupuy, Ph.D., Associate Marine Scientist
Frederick Y. Kazama, Ph.D., Associate Marine Scientist
Franklin D. Ott, Ph.D., Assistant Marine Scientist
Victoria R. Gibson, M.A., Assistant Marine Scientist
Samuel Rivkin, B.S., Research Assistant
D. P. Stallard, Laboratory Specialist
K. L. Schornster, B.A., Laboratory Specialist
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E. P. Condon, B.A., Laboratory Specialist
Donald Byrne, B.A., Laboratory Specialist
Parasitology, Section of
David E. Zwemer, M.A., Assistant Marine Scientist
Ilan E. Paperna, Ph.D., Senior Foreign Scientist Fellow
Planktology, Department of
George C. Grant, Ph.D., Associate Marine Scientist

DIVISION OF PHYSICAL SCIENCE AND COASTAL ENGINEERING
John M. Zeigler, Ph.D., Assistant Director and Division Head
P. Wyman Harrison, Ph.D., Assistant Director and Division Head (Resigned 6-30-71 )
Physical Oceanography and Hydraulics, Department of
C. S. Fang, Ph.D., Senior Marine Scientist and Department Head
Paul V. Hyer, Ph.D., Associate Marine Scientist
Albert Y. Kuo, Ph.D., Associate Marine Scientist
Bruce Neilson, Ph.D., Associate Marine Scientist
Evon P. Ruzecki, M.S., Associate Marine Scientist
C. S. Welch, Ph.D., Associate Marine Scientist
William Althem, B.A., Assistant Marine Scientist
M. N. Silbert, M.S., Assistant Marine Scientist (Resigned 3-13-72)
S. N. Chia, M.S., Research Assistant
Robert Lobecker, B.S., Research Assistant
S. N. Wang, M.S., Research Assistant
Richard W. Moncure, B.S., System Analyst
Ronald Ayres, B.S., Laboratory Specialist
Chester A. Constransitch, Laboratory Specialist
A. J. Swarz, Laboratory Specialist
S. C. Sturm, Laboratory Specialist
Instrument Shop (Serves Entire Institute)
John D. Boon, M.A., Assistant Marine Scientist
Robert L. Bolus, M.S., Assistant Marine Scientist
W. L. Matthews, Laboratory Specialist
William C. Hale, Laboratory Specialist

DIVISION OF ENVIRONMENTAL SCIENCE AND ENGINEERING
Michael E. Bender, Ph.D., Assistant Director and Division Head
Morris L. Brehmer, Ph.D., Assistant Director and Division Head (Resigned 10-31-71)
Ecology Pollution, Department of
Environmental Biology, Section of
Robert Jordan, Ph.D., Associate Marine Scientist
Robert J. Diaz, B.S,, Research Assistant
Environmental Chemistry, Section of
Rudolf Bieri, Ph.D., Senior Marine Scientist and Section Head
Richard Hill, Ph.D., Associate Marine Scientist
Robert J. Huggett, M.S., Assistant Marine Scientist
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Harold D. Slone, M.S., Assistant Marine Scientist
John Lunz, B.A., Research Assistant
Thomas A. Barnard, Jr., M.S., Assistant Marine Scientist
Miles W. Booth, Laboratory Specialist
Tom E. Drake, Laboratory Specialist
Jimmy R. Greene, Laboratory Specialist
Wetlands Research, Section of
Kenneth L. Marcellus, Ph.D., Associate Marine Scientist
Thomas D. Wright, Ph.D., Associate Marine Scientist (Resigned
9-25-70)
Engineering Services, Department of
Mark E. Luttrell, M.S., Assistant Marine Scientist
Environmental Physiology, Department of
Paul L. Zubkoff, Ph.D., Senior Marine Scientist and Department Head
Kenneth L. Webb, Ph.D., Associate Marine Scientist
J. Ernest Warinner, M.A., Assistant Marine Scientist
M. L. Bolus, M.S., Laboratory Specialist

